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ABSTRACT. Results of a program to determine the twilight 
halo and color of the twilight sky using the Soyuz-5 satellite 
in 1969 are described. Results of other similar experiments 
are discussed. 

Optical investigations of the terrestrial atmosphere, performed during /824* 

the flight of the Soyuz-5 spaceship, included simultaneous photography and 

spectrophotometry of the twilight halo, as well as visual observations, aimed 

at determining the evolution of the brightness and of the color of the 

twilight sky near the horizon. In accordance with this program, visual ob- 

servations of the twilight halo were performed on 15 January 1969 (2nd and 

6th orbits), and on 16 January 1969 ( 1 5 ~ ~  orbit). The geographic coordinates 

of the Soyuz-5 during.the visual observations were approximately as follows: 

2nd orbit - 30" southern latitude and 157.4" eastern longitude (near t h e  

eastern coast of Australia) ; 6th orbit - 51.69' southern latitude and 147.14* 

eastern longitude (Auckland Islands); orbit - 4.29' southern latitude 

and 131.66" eastern longitude (New Guinea area). The Soyuz-5 apogee was 
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The v i s u a l  observa t ions  preceded a spec t rophotometr ic  experiment 

t h  t h e  t w i l i g h t  ha lo ,  and were performed when t h e  sunse t  ang le  beyond the 
' 

or i zon  was cSo 3 3-15" 

The synop t i c  s i t u a t i o n  i n  t h e  s u b s a t e l l i t e  zone was s t a b l e :  t h e r e  were 

no i n d i c a t i o n s  of hu r r i canes ,  cyclones,  e t c .  Observat ions of t h e  a l t i t u d e  

e v o l u t i o n  and of t h e  b r i g h t n e s s  of t h e  t w i l i g h t  h a l o  were performed i n  a cloud- 

less atmosphere (second o r b i t )  and wi th  a s o l i d  cloud cover and d iscont inuous  

cloud covers ,  which p r e v a i l e d  dur ing  t h e  6th and 15th o r b i t s ,  r e spec t ive ly .  

The v i s u a l  observa t ions  of t h e  v e r t i c a l  c o l o r  d i s t r i b u t i o n  of t h e  t w i l i g h t  

ha lo  i n  a  c loud le s s  atmosphere can be summarized i n  t h e  fo l lowing  manner, TEae 

edge of t h e  e a r t h  i s  c l e a r l y  v i s i b l e  i n  t h e  form of a dark  Line. Near the 

s u r f a c e  of t h e  Ea r th ,  t h e  t w i l i g h t  h a l o  d i s p l a y s  red-orange tones.  With 

i n c r e a s i n g  a l t i t u d e  of t h e  observed l a y e r ,  t h e  c o l o r  of t h e  h a l o  g radua l ly  

pas ses  in toye l low-orangeand yel low shades,  w i t h  an  ad jacen t  narrow dark-blue 

band wi th  a reduced b r i g h t n e s s ;  t h i s  band is  a t  a n  a l t i t u d e  of approximately 

1/3 of t h e  v i s i b l e  h a l o  dimensions. Following immediately t h e  dark-blue band 

i s  a range of b l u e  and l i gh t -b lue  c o l o r s .  Th i s  range, occupying approximately 

213 of t h e  v i s i b l e  dimensions of t h e  ha lo ,  d i s p l a y s  dark-blue and black-to- 

v i o l e t  tones  a t  t h e  boundary wi th  open o u t e r  space  (b lack) .  With t h e  dec reas l ag  

sunse t  ang le  beyond t h e  hor izon ,  t h e  b r i g h t n e s s  of t h e  ha lo  i n c r e a s e s ,  and 

t h e  dark-blue band d isappears .  The -co lo r  s a t u r a t i o n  of t h e  tones  of t h e  

t w i l i g h t  h a l o  goes up. 

I When t h e  cloud cover  is  s o l i d ,  t h e  upper cloud boundary p l ays  t h e  role 

I of t h e  underlying su r f ace .  The v e r t i c a l  e v o l u t i o n  of t h e  h a l o  cover remains 
I 
I t h e  same as wi th  c loud le s s  atmosphere. However, a t  ' the lower p o r t i o n ,  the halo 

d i s p l a y s  purple-red and deep-rose shades.  The upper edge of t h e  cloud Layer 

is  washed o u t  and begins t o  luminesce when t h e  s u n s e t  ang le  (beyond t h e  horizon)  

dec reases  on account of s o l a r  l i g h t  s c a t t e r i n g .  The b r i g h t n e s s  of t h e  halo 

i n c r e a s e s  no t i ceab ly  i n  t h e  lower l a y e r s .  With d iscont inuous  c loudiness ,  t h e  

, c o l o r  evo lu t ion  i n  t h e  v e r t i c a l  d i r e c t i o n  is  t h e  same as i n d i c a t e d  above* 

The b reaks  i n  t h e  c louds  are red .  



This desc r ip t ion  of t h e  co lo r  evolution of t h e  twi l igh t  halo d i f f e r s  :In 

c e r t a i n  substant ive  d e t a i l s  from desc r ip t ions  furnished by o the r  observers. 

Thus, according t o  Mme. V. V. Nikolayeva-Tereshkova [ I ] ,  t h e  lower pa r t ion  o f  

t h e  ha lo  which displays  red-orange and yellow tones passes through a wide 

whit ish  band t o  l ight-blue,  dark-blue and black-to-violet shades. According 

t o  t h e  v i s u a l  observations performed by McDivitt and E. White from the 

"Gemini-4" spaceship [2] ,  t h e  halo co lo ra t ion  sequence i n  a  v e r t i c a l  d i rec t ion  

from t h e  l i n e  of t h e  horizon is  a s  follows: red-orange shades, followed by 

yellow, l i g h t  blue,  whi t i sh ,  then again l ight -blue  and blue,  and f i n a l l y  

whi t i sh  (wide band) . 

K. P. Feoktistov [3] observed t h e  following evolution of t h e  csbos tones 

of the  twi l igh t  halo:  from red-orange t o  yellow, b lue  and whi t i sh ,  again t o  

b lue  and whi t i sh ,  and f i n a l l y  again b lue  and whit ish.  

The d i f f e r e n t  desc r ip t ions  of t h e  twi l igh t  ha lo  color  i n  a  v e r t i c a l  

d i r e c t i o n  i n d i c a t e  tha t :  1 )  During t h e  f l i g h t s  of t h e  "Voskhod-6" ",%emini-4", 

"Voskhod" and "Soyuz-5" spacecraf ts ,  t h e  s p e c i f i c  meteorological condit ions 

i n  t h e  t e r r e s t r i a l  atmosphere obviously w e r e  d i f f e r e n t .  Moreover, t h e  s igh t ing  

geometry of the  twi l igh t  ha lo  and the  magnitude of t h e  sunset  angle beyond 

t h e  horizon a l s o  d i f f e r e d ;  2) The color imetr ic  d a t a  a r e  a  s e n s i t i v e  indicator 

of t h e  s p e c i f i c s  of t h e  v e r t i c a l  atmospheric s t r u c t u r e .  I n  a  separa te  

contr ibut ion 141, t h e  authors compared v i s u a l  observation r e s u l t s  of the  t w i -  

l i g h t  sky with color imetr ic  q u a n t i t a t i v e  da ta ,  based upon twi l igh t  spectrsr 

evaluat ion,  thus leading t o  a  cor rec t  ana lys i s  of t h e  inf luence  of the 

atmospheric s t r u c t u r e  upon t h e  color  p i c t u r e  of t h e  horizon. 

It should be  a l s o  kept i n  mind t h a t  t h e  color  perception by astronaut:s 

i s  a  sub jec t ive  phenomenon, which does not  depend exclus ively  upon t h e  

s p e c i f i c  o p t i c a l  c h a r a c t e r i s t i c s  of t h e i r  v i s i o n  and general  physiological  

p roper t i e s  of human v i s ion ,  such a s  br ightness  and co lo r  adaptat ion,  ete. 

The inves t iga t ion  of these  problems, which is  wi th in  t h e  competence of 






